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TAF| ( 105 mediates activation of anti-apoptotic genes 
by NF-kB 
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The transcription factor NF-kB is important for expres- 
sion of genes involved in immune responses, viral 
infections, cytokine signaling and stress. In addition 
NF-kB plays a crucial role in protecting cells from TNF- 
a-induced apoptotic stimuli, presumably by activating 
anti-apoptotic genes. Here we report that the sub- 
stoichiometric TFIID subunit TAF U I05 is essential for 
activation of anti-apoptotic genes in response to TNF- 
a, serving as a transcriptional coactivator for NF-kB. 
The putative coactivator domain of TAF N 105 interacts 
with the activation domain of the p65/ReiA member 
of the NF-kB family, and further stimulates p65- 
induced transcription in human 293 cells. Moreover, 
inhibition of TAF,jl05 activity by overexpression of a 
dominant negative mutant of TAF M 105 decreased 
NF-kB transcriptional activity and severely reduced 
cell survival in response to TNF-a. Similarly, expression' 
of anti=sense TAFiJIOS -RNA'sennti^lhrc^lITtoTNF- 
a'cytdfoxicity. These results suggest that TAF n 105 is 
involved in activation of anti-apoptotic genes by NF-kB. 
Keywords: apoptosis/NF-KB/TAFnl05/TNF-ct 



Introduction 

Initiation of transcription is a key regulatory step affecting 
gene expression in response to a variety of extra- and 
intracellular signals, during developmental processes and 
for tissue specificity. The rate of transcription initiation is 
determined by proximal and distal enhancer elements that 
are bound by gene-specific transcription factors (activators 
or repressors); these are modular in nature, typically 
consisting of a DNA-binding domain and one or more 
activation (or repression) domains. The transcription- 
initiation site is determined by a number of general 
transcription factors fGTFs) that assemble around the core 
promoter to form the preinitiation complex. The general 
transcription factor TFIID plays an essential role in tran- 
scription initiation as it recognizes and binds the core 
promoter and nucleates the assembly of the other general 
initiation factors (TFIIA, TFIIB, TFIIE, TFIIF and TFIIH) 
and RNA polymerase II (for recent reviews see Orphanides 
et aL. 1996; Hoffman et aL. 1997). 

Studies of transcriptional activation mechanisms 
revealed that TFIID is also required for mediating tran- 
scription-activation signals by gene-specific activators 
(Horikoshi et aL, 1988; Pugh anriTjian, 1990). TFIID is 
a multisubunit complex that consists of the TATA box- 



binding protein TBP and a number of TBP-associated 
factors (TAFs) that are present in all cells (Dynlacht et aL, 
1991; Tanese et aL 1991; Zhou et aL, 1992; Poon and 
Weil 1993; Reese et aL, 1994). Some of these TAFs have 
been shown to bind activation domains of activators 
directly (Goodrich et aL. 1993; Hoey et aL. 1993; Chen 
et aL. 1994; Jacq et aL, 1994; Chiang and Roeder, 1995; 
Sauer et aL. 1995a; Thut et aL. 1995). This interaction 
appears to be essential for activator-dependent transcript- 
ional stimulation in reconstituted transcription reactions 
in vitro (Goodrich et aL, 1993; Hoey et aL. 1993; Chen 
et aL, 1994; Sauer et aL. 1995a; Thut et at,. 1995). 
Several studies suggested that TAFs are also required for 
transcriptional activation in vivo (May et aL. 1996; 
Mengus et aL, 1997; Suzuki- Yagawa et aL, 1997; Wang 
et aL, 1997). Interestingly, recent genetic studies in 
yeast suggested that TAF subunits, although essential 
for viability, are not generally required for transcription 
activation (Moqtaderi et aL, 1996; Walker et aL. 1996). 
Considering the findings that certain classes of activators 
from metazoans are unable to function in yeast (Attardi 
and Tjian. 1993; Ktinzler et aL, 1994; Ponticelli et aL. 
1995) and that certain Drosophila and human TAFs have 
no evident homolog in yeast (Tansey and Hen\ 1997), it 
is possible that a development of complex regulatory 
programs in metazoans was accompanied by an increase 
in the need for TAFs as coactivatdrs. 

Recently, we have identified and cloned a novel TFIID 
subunit, TAF n l05, that is enriched in TFIID of human B 
lymphocytes constituting -10% of TFIID in these cells 
and -0.5-1% in non-B cells (Dikstein et aL, 1996). 
Therefore. TAF n 105 exists in sub-stoichiometric amounts 
relative to the core TAFs suggesting that a TFIID complex 
containing this subunit might be required for transcription 
of a limited set of genes. TAF| ( 105 shares regions of high 
homology with the core TFIID subunits TAF (I 130 from 
human and TAFullO from Drosophila (Dikstein et aL, 
1996; Mengus et aL, 1997). The highly conserved C- 
terminus of these TAFs is implicated in TAF-TAF inter- 
action (Dikstein et aL, 1996) and the diverged N-terminus 
of dTAF n ll0 and hTAF n 130 directs interaction with 
activation domains of activators (Chen et aL, 1994; Tanese 
etaL, 1996). Interestingly, in a TFIID complex containing 
TAFnl05, TAFh130 is also present in the same complex. 

Here we show that TAF a 1 05jery_es as a coactivator for 
the transcription factor ^F^kB /^/vo.jnie^EiKBifamily 
plays a fundamental rofe^iPtmmune responses and is 
essential for cytokine-inducible gene expression, in par- 
ticular TNF-a- and IL- 1 -induced genes (for review see 
Verma et aL. 1995; Baeuerle and Baltimore. 1996; 
Baldwin. 1996). Our studies reveal that TAF„105 interacts 
directly with p65/Re!A and mediates gene activation by 
the p65 activation domain. Recent studies suggest that 
NF-kB has a crucial role in protecting cells from apoptotic 
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stimuli produced by TNF-a (Beg and Baltimore. 1996; 
Liu et ai, 1996; Van Antwerp et al. % 1996; Wang et aL % 
i 1996). We show that interfering with the normal function 
1 of TAFjjlOS either by expression of dominant-negative 
| mutant or reducing its endogenous levels by anti-sense 
I RNA expression, renders the cells sensitive to the killing 
effect^ of TNF-a. Our results ^suggesHhar activation of 
anti-apoptotic-genes^in resp6nTeTo"TNF-a"is-medi'ated l 
by the TAF u 105-containing J'FTID .complex and NF-kB 
transcription factors. ' . 

Results 

TAF U 105 interacts with the trans-activation 
domains of NF-kB members 

To identify TAF n 105 target activators we looked for 
transcription factors that are capable of interacting with 
TAF n l05. Among these we analyzed members of the 
NF-kB family. For this purpose, recombinant TAF 1( 105 
fused to the flag epitope was produced in Sf9 cells using 
the Baculovirus expression system and purified by anti- 
flag antibodies coupled to agarose beads. Immobilized 
TAF n 105 was incubated with in wro-translated and 
35 S-labeled p50 and p65 (relA) subunits NF-kB family. 
As shown in Figure I A, p65 but not p50 specifically and 
efficiently interacts with TAF„105. To determine whether 
the interaction between p65 and TAF U I05 is directed by 
the putative N-terminal coactivator domain of TAF|jI05, 
this region was expressed in Escherichia coli as a fiision 
with glutathione 5-transferase (GST 1 05 AC), purified and 
subjected to a binding reaction with 35 S-labeled p65. p65 
specifically binds the N-terminus of TAF n 105 (Figure IB). 
We also tested other members of the NF-kB family for 
interaction with TAF„I05 and found that c-rel (but not 
RelB) binds to TAF U I05AC (data not shown). 

Previous studies of activator-TAF association estab- 
lished that an interaction between coactivator subunits of 
TFIID and transcriptional activators is directed by the 
/ra/u-activation domain of the activator (Goodrich et aL, 
1993: Hoey et ai, 1993; Chen et al. f 1994; Jacq et ail 
1994; Chiang and Roeder. 1995; Sauer et a/., 1995a; Thut 
et aL, 1995). Both p65 and c-rel (but not p50) contain a 
strong activation domain located at the C-terminus 
(reviewed by Schmitz and Baeuerle, 1995). To determine 
whether the p65 activation domain is involved in TAF U 105 
binding, the p65 C-terminus was expressed as a fusion with 
glutathione 5-transferase (GST-p65C), purified, coupled to 
glutathione-Sepharose and used for binding assay with an 
in Wrro-translated and 35 S-labeIed TAF n 105. The specifi- 
city of the interaction was determined by a similar binding 
reaction with 35 S-labeled hTAF„130, a closely related 
homolog of TAF„ 105 (Dikstein et aL 1996; Mengus et al. t 
1997). The activation domain of p65 specifically binds 
TAF„105 but not TAF a 130 (Figure 1C). Moreover, 
TAF|jI05 failed to bind the activation domains of another 
transcription factor (E2A, Figure ID), ruling out the 
possibility that TAF n 105 is a general activation-domain 
binding protein. 

NF-kB dependent transcription is stimulated by 
TAF U 105 

To examine the possibility that TAF (I l05 is an activation- 
domain-specific coactivator of p65/RelA, the effect of 
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Fig. 1. Interaction of hTAF„!05 with p65/RelA. (A) p65/RelA and 
p50 proteins were translated in vitro and labeled with (^Slmeihionine 
using rabbit reticulocyte lysate. These proteins were used for 
interaction assay with immobilized flag-tagged TAF,|I05 as indicated 
on top of each lane. As a control, the labeled proteins were incubated 
with the flag beads. The bound proteins were eluted. resolved on 
SDS-PAGE and autoradiogMphed. Input kmes represent 10% of the 
labeled protein used for the binding reaction. (B) Binding reaction 
between 'S-labeled p65/RelA and the purified N-terminal fragment of 
TAF n l05 (amino acid (-552) fused to glutathione 5-transferase (GST) 
and bound to glutathione beads (lane 1). As a control a similar 
reaction was performed using the same beads bound by GST (lane 3). 
Input lanes represent 10% of p65 used for (he binding assay, 
(C) Interaction between fAF M 105 and the C-terminal activation 
domain of p65. The C-terminus of p65 (amino acid 398-551) was 
expressed as a GST-fusion protein, affinity-purified by glutathione 
beads and subjected to a binding reaction with in mm-translated and 
"S-labeled TAF„I05 (lanes 1-3) or TAF„I30 (lanes 4-6). GST- 
containing beads were used as a control in a similar binding reaction. 
Input lanes represent -10% of the labeled proteins used. iDi Binding 
assay as in (B) using 35 S-Iabeled E2A transcription factor. 

TAFulOS on the p65 activation domain was analyzed! 
by transient transfection experiments. The OterminaA 
activation domain region of p65 (amino acid residues! 
398-551) was fused to the yeast Gal4 DNA-binding 1 
domain (G4-p65C) and cotransfected into human 293 • 
cells together with Gal4-dependent luciferase reporter 
plasmid in the presence or absence of TAF„I05 expression 
vector. As expected, the Gal4 DNA binding domain (G4- 
DBD) in the absence of the activation domain lacks 
transcription activity and is not induced by TAFulOS 
(Figure 2A. columns 3 and 4). G4-p65C strongly stimu- 
lated luciferase activity (415-fold; Figure 2A. column 5). 
This activity is further potentiated by coexpression of 
TAF U I05 (4163-fold; Figure 2A. column 6). The specifi- 
city of TAF M I05 action was tested by its coexpression 
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Fig. 1 Stimulation of p65 transcriptional activity by TAF||105. 



vurua.lucifenise reporter plasmid containing 5 
^DNArolndinydomain (G4-DBD, columns 3 and 4) or G4-DBD fused 
to the indicated activation domains in the absence (odd number columns) or presence (even number columns) of TAFnlOS expression plasmid. 
(B) Human 293 cells were cotransfecied with NF-kB -dependent reporter plasmid together with either empty expression vector or the following 
expression plasmids: TAF»I05 (columns 2, 4. 7, 9. 11, 12 14, 15 and 17); IkBa (columns 3. 4, 8. 9. 12 and 15); p65 (columns 5-9); p65 mutant 
lacking activation domains (p65AAD. amino acids 1-286. columns 10-12); p65 deleted of TAj (p65ATAI, amino acid 1-521. columns 13-15) and 
p65 deleted of TA 3 (internal deletion of amino acids 366-521, p65ATA2, columns 16 and 17). The amount of CMV-derived vector in each 
transfection assay was kept constant. The results of these transaction experiments are the average of at least three independent transfection 
experiments with similar results and were normalized with cotransfecied f*-actro-P-gal that is non- responsive to p65/RelA. Expressions of transfected 
TAF n l05 and TAF n l30 were verified by Western blot, and of p65 wild-type and mutants by EMS A (data not shown). 



with Gal4 fused to E2A activation domains (G4-E2A- 
ADl and G4-E2A-AD2) in which TAF n 105 has no 
stimulatory effect (columns 11-14). 

To further study the functional significance of the 
TAF n l05-NF-»cB interaction, we tested the effect of 
TAF|jl05 on p65/RelA transcriptional activity. For this 
purpose a reporter plasmid containing two NF-kB elements 
upstream of a minimal core promoter and a luciferase 
gene was cotransfecied with p65 and TAF|]105 expression 
plasmids into 293 cells. As expected. p65 activates NF- 
kB reporter 24-fold (Figure 2B, column 5). When TAF n 105 



was also cotransfected, both the basal NF-kB- and p65- 
dependent activities were stimulated 3- and 5 -fold, respect- 
ively (Figure 2B, columns 2 and 7). Likewise. TAF ( |105 
potentiates NF-KB-dependent transcription in HeLa ceils 
(data not shown). By contrast, hTAF M 130 failed to stimu- 
late p65 activity (Figure 2B. column 6). To determine 
whether the activation by TAF|jl05 requires the presence 
of NF-kB proteins, a similar experiment was done in the 
presence of IkBcc. a specific inhibitor of NF-kB factors 
that prevents the translocation of NF-kB into the nucleus 
(reviewed in Verma et ai, 1995: Baeuerle and Baltimore, 
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Fig 3. Interference »,th TAF„I05 funcnon mMbtts^KB^ (A) Schematic representation of the TAF.,103 putative functional 

domains and the dommant-negauve mutahT dTTAFff 1'05 (TAFn I 05AO.*NLS~in<Jicates nuclear localization signal. Expression of S S 
was conhrmed by Western blot (data not shown). (B) Inhibition of NF-kB transcript .on by TAF„I03AC Luciferase leXS 
tandem NF-kB sites (columns 1-4) or CMV enhancer (columns 5 and6) were trans fee ted into "93 cells vMt^M^^^^^ 
expression vector tlancs I and 5,. p65/RelA rtanes 3 and 4) and TAF..105AC (columns 2. 4 and 6 . ^es^ TZ^Tof ntSp^ndS 
transfecuon assays wuh s.rrnlar results. I C) Inhibition of IL-l-induced NF-kB activity by dominant negative TAF.,105 NF-XtLa^ rewner 
Tt?*\ ^ T ^t* ^'^gal and either an empty expression vector .columns 8 !. 2 and 3 ) or TAF ( j I W AC plaTm^d (c^umn 3) 

or TAF.,105 (column 4 . Twelve hours after transfection IL-1 was added to the cells .columns 2 and 3) and 24 h post-tra fecUon he"^ ! 
luctferase actmty was determmed by nonnalizing with fi-gai activity. T^se results are the average of three indepe^dem Se^ex^ms 



1996; Baldwin, 1996). As expected, IicBa inhibits both 
the basal and p65 -induced NF-kB activity (Figure 2B, 
columns 3 and 8. respectively). In the presence of IkB 
(Figure 2B, columns 4 and 9) or a reporter with mutated 
NF-kB sites (data not shown), no induction of luciferase 
activity by TAF n 105 is observed, ruling out the possibility 
that TAF n 105 affects core promoter function. 

It has been shown that the C-terminus of p65/RelA 
contains two strong and independent activation domains 
called TA| and TA ; (Schmitz and Baeuerle, 1991). To 
examine whether TAF„105 activity requires the presence 
of p65 activation domains, we have constructed p65 
mutants lacking either TAi or TA 2 or both. The p65 mutant 
lacking the entire C-terminal activation domain failed to 
stimulate luciferase in the absence or presence of TAF n 105 
(Figure 2B, columns 10 and I I). Interestingly. p65 lacking 
either TA, ( p65ATAl ) or TA 2 (p65ATA2) is a significantly 
weaker activator then the wild-type protein, suggesting 
that both are required for maximal activation potential 
(Figure 2B, compare columns 13 and 16 with 5). By 
contrast, in the context of Gal4. deletion of TA, did not 
reduce transcriptional activity (Figure 2A, columns 5 and 



7). The activities of both activation domains, either in the 
context of the native protein (Figure 2B, columns 14 and 
17) or as GaI4 fusion (Figure 2 A, columns 8 and 10) are 
enhanced by TAF„I05 7-10-fold. Taken together these 
results strongly suggest that TAF„105 can serve as a 
p65/RelA activation-domain-specific transcriptional co- 
activator. 

p65/RelA activity is inhibited by a dominant 
negative mutant of TAF tf 105 

To further confirm that TAF„105 is involved in NF-kB 
activity we have constructed a plasmid for expression of 
a dominant negative mutant of TAF„l05 based on its 
predicted functional domains (Dikstein et a/., 1996). This 
mutant is a truncated form of hTAF„i05 (TAF„I05AC, 
amino acid 1-552. Figure 3A), containing the NF-kB 
binding region but not the TFIID interaction region 
Therefore, if TAF, r l05AC binds NF-kB in vivo, it is likely 
to inhibit NF-icB-dependent transcription. To test the 
effect of TAF„105AC on NF-tcB activity, 293 cells were 
cotransfected with NF-KB-dependent reporter plasmid and 
p65/RclA transcription factor together with TAFul05AC. 
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Fig 4. Dominant negative mutant of TAF„I05 induces cell death in response to TNF-ot. fA) 293T cells were transfected with wild-type TAF M I05 
(pictures I and 2) or TAF„l05AC (3 and 4) and either untreated (I and 3) or created with 15 ng/ml TNF-a (2 and 4). The pictures were taken 24 h 
after transfection. (B) Genomic DNA analysis of 293T cells that were transfected with either empty expression vector (lanes I and 2). TAFhIOSAC 
(lanes 3 and 4) or with wild-type TAF n l05 (lanes 5 and 6). Twelve hours after transfection some of the transfected cells were treated with TNF-a 
(odd number lanes) and 24 h after transfection DNA was extracted from the transfected cells and analyzed by 1.8% agarose gel. M indicates DNA 
size marker. (C) Cell survival assay. To quantify the apoptosis induction, 293T cells were cotransfected with pCM VlacZ reporter plasmid and the 
indicated expression vectors, and similar to the experiment described in <B), treated with TNF-a (lanes 2. 4 and 6). Twenty-four hours after 
transfection the cells were stained with X-Gal. and the numbers of blue cells in five randomly chosen fields were determined. These data represent 
an average of three independent transfection experiments. 



As shown in Figure 3B, TAF n i05AC severely inhibited 
transcriptional activation by p65/RelA. Similarly, cotrans- 
fection of the NF-kB reporter with p65/RelA and a 
dominant negative IkB-oc inhibited NF-kB activity, con- 
firming that the observed activity is directed by NF-kB 
proteins (Figure 2B, columns 3 and 7). TAF U 105AC 
mutant has no significant effect on the reporter plasmid 
containing the CMV enhancer (Figure 3B, columns 5 and 
6), further supporting the idea that TAF n 105AC is specific 
to p65/RelA and has no effect on core promoter activity. 



Inhibition of TAFuWS function causes apoptosis in 
response to TNF-a 

NF-kB activity is regulated by a broad range of cytokines 
and external stimuli. The cytokine TNF-a is among the^ 
physiological inducers of NF-kB activity. Recent studies \ 
revealed that activation of NF-kB by TNF-a plays an 
essential role in protecting cell s from ^pro-apo ptotic stim uli 
.produced bv TNF-ot (Beg and Baltimore, 1996; Liu et <//.. 
1996; WangTf 7//~ T99o1^ Van Antwerp et <?/., 1996). We 
found that TNF-a-induced NF-kB transcription activity 
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Fig. 5. The effect of TAF„105 anti-sense RNA expression on TNF-a treated cells. <A> "»93T cells were traiufiwH <.i,h„ ^;,h . 

affimty-punhed anti-TAF,, 05 anfbod.es .upper panel). As a control ihe same extracts were used for analysis o TOP ^evelsSr oanel, 8 
,B> Surv,val analysis ot cells expressmg TAF„I05 ami-sense RNA. 2WT cells were cotransfected with CMV-GFP repwe p sm^ wl either an 
emptyexpresston vector (lanes I and 2) or with expression vector for TAF.,105 ami-sense RNA .lanes 3 and 4, t3v fou hours i ansfecion 
TOF-o was prov.dcd to the cells .lanes 2 and 4, and 24 h later green fluorescent cells were counted in five randomW cho^n fields daw 
TA?1a\ ° j »*P«*"i transfection experiments. (C) ONA fragmentation analysis of cells transfeaeS wT eime anS,* 

h ' " emp ' y V ^ ' laneS 3 a " d 4) »f'«' transfection TNF-a was provided ^ to iVceils iTnes I and 

i.vcrs f :c-„:s rrw^rsr 1 " cel,s - ^ dna ~ - ,racicd 48 h ■*» srssi ? 
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is enhanced by TAF n l05 expression (data not„shown). 
Interestingly, when we analyzed the "effect of the 
TAF H I05AC mutant on long-term TNF-a stimulation in 
293 cells, we observed dramatic changes in 293 eel! 
morphology that are consistent with cell death (Figure 
j 4A). These morphological changes were not observed in 
f cells transfected with vector alone (data not shown) or 
\ with wild-type TAF„I05 (Figure 4A). The survival rate 
r after TNF-a stimulation in TAF„l05AC-expressing cells 
was <5% as determined by X-gal staining of transfected 
cells (Figure 4C). To determine whether these changes 
are related to programmed cell death. 2?3jcje!lsjransient]y ~ 
expressing TAF„ 105AC^^re«induj^ and 
assayejdj^tj^^ 

^^E225£i£igui:e»4B). As expected, no DNA fragmentation 
r*7 appears in TNF-a-induced 293 cells transfected with 
empty expression vector (Figure 4B, lane 1). The DNA 
ladder c™_te clearly seen only in cells expressing 
TA^^SACand stimulated ^with TNF-oU Fipure 4B, lane 
3). No DNA fragmentation appears in these cells in the 
absence of TNF-a stimulation (Figure 4B, lane 4), or in 
cells transfected with wild-type TAF„105 (Figure 4B, 
lanes 5 and 6) or with a similar mutant of TAF U 130 
in the presence or absence of TNF-a stimulus (data 
not shown). 

To further confirm the involvement of TAF n lQS in 
activation of anti-apoptotic genes by TNF-a, 293 cells 
were transiently transfected with a plasmid that directs 
expression of anti-sense TAF„105 RNA. As shown in 
Figure 5A, transient expression of anti-sense TAF n 105 
reduced the endogenous level of TAF„105 protein but not 
TBP. This reduction is significant considering that although 
high transfection efficiencies are achieved in these cells, 
'there is still a significant proportion of untransfected or 
poorly transfected cells that express normal amounts of 
TAF r( 105 (-20% as determined by X-gal staining after 
transfection, data not shown). The reduction in TAF n 105 
level is coiTeJajedwith an increase in cell deatiTln7e sponse 
to TNF-a ^xse^e nrby 
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5B). P^fragmfiOjauon^F^re 5C) and microscopic 
?i? m i23!iP-Q-(dat^npt showloT"* 7 '' — ~ — - — — 
The accelerated cell death in response to TNF-a in 293 
cells bearing non-functional TAF„105 is likely to be due 
to inhibition of NF-kB activity. Indeed, we found that 
TNF-a-induced NF-kB activity is inhibited by 
TAF n l05AC (data not shown). However, since the majority 
of the cells expressing TAF U 105AC and induced by TNF- 
a undergo cell death (Figure 4C). one can not rule out 
the possibility that pan of the inhibition observed might 
be due to the apoptotic effecLjTherefore. to test whether 
TAF n lQ5 AC can inh ibit cytoJun^mediated N£jcB activity 
/^e have ^ used, the cytokine IL-i. wh ich like^TNFct 

J shown in Figure 3C TAF„105AC significant^ decreases 
NF-kB activity induced by IL-I whereas wild-type 
TAF„I05 enhances this activity consistent with the effect 
of these proteins on p65/RelA activity. 

inhibition of p65/Re!A activity and TNF-a-induced 
cell death by TAF it 105bC is correiated with p65- 
TAF n 1 05 interaction 

To further investigate the involvement of TAF n l05 in NF- 
icB induction of anti-apoptotic genes we generated deletion 
mutants of TAF„I05AC These mutants were analyzed for 
their ability to bind P 65/RelA. for their inhibitory effect 
on p65/RelA activity and for their effect on the survival 

°l As Sh0wn in Fi * ure 6 < a nwtani 

of TAF„I05AC deleted of I00 amino acid residues 
[105AC(l-l52)] has reduced p65-binding capacity as 
well as reduced p65-transcription inhibitory activity as 
compared with 105ACU-552). This panial inhibition of 
NF-kB activity is insufficient to cause cell death in 
response to TNF-a (Figure 6C). Similarly, a mutant that 
does not bind p65 [(I05AC(1-167)] is unable to inhibit 
p65 activity and to affect cell survival in TNF-a-treated 
cells. These results strongly suggest that the direct inter- 
action between TAF„I05 and P 65/RelA plays a role in 
activation ot anti-apoptotic genes. 
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Fig. 6. Analysts of TAF n l05AC deletion mutants. (A) GST pull-down 
experiment using - S-labeled p65/ReIA and equivalent amounts of 
purified N-terrninal fragments of TAFnIOS (indicated by their amino 
acids residues), fused to GST and bound to glutathione beads (lanes 
3-5). As a control a similar reaction was performed using the same 
beads bound by GST (lane 2). The input lanes represent \0% of p65 
used for the binding assay, i B > The effect of TAF n l05AC mutants on 
NF-icB transcription activity. Human 293 cells were cotransfected with 
NF-kB dependent luciferase reporter. p65 expression plasmid and with 
either empty expression vector or the following expression plasmids: 
TAFj|l05AC coding for amino acids 1-552. TAF|jl05AC coding for 
amino acids 1-452 or TAF n 105AC coding for amino acids 1-167. The 
results are presented as the ratio between p65 activity relative to the 
activity of NF-kB reporter without p65 expression. (C) Cell-survival 
analysis in cells expressing TAFj|105AC mutants and treated with 
TNFa. 293T cells were cotransfected with CMV-GFP reporter plasmid 
either with empty vector or with expression plasmids described in (B). 
Twelve hours after transfection the cells were untreated or treated with 
TNF-a and 24 h later the green fluorescent cells in five randomly 
chosen fields were counted. This data is representative of three 
independent transfection experiments with similar results. Equivalent 
expression of TAF| ( 105AC mutants was verified by Western blot 
analysis. 

Discussion 

Previous in vitro studies of Drosophila and human TFIID 
indicated that transcriptional activation by gene-specific 
activators can be mediated by TAFs through direct inter- 
action with activation domains of transcription activators. 
However, thus far there is little in vivo evidence docu- 
menting the importance of specific interaction between a 
TAF subunit and the activation domain of an activator for 
transcription activation, or the specific target genes for 
individual TAFs. In this study we show that TAF| f l05 is 
an activation-domain-specific coactivator of p65/RelA. 
Moreover, in vivo. TAF (I I05 is directly involved in activa- 



tion of TNF-a-induced anti-apoptotic genes by the tran- 
scription factor of NF-kB. 

The cytokine TNF-a is secreted by many cell types 
upon inflammation, infection, viruses and other external 
signals. Activation of the TNF receptor stimulates the 
protein synthesis-independent apoptotic response, and in 
cells resistant to its cytotoxic effect, it also induces 
expression of proteins that can block apoptosis. NF-kB 
has been shown to be a primary mediator of TNF-a 
responses. Recent studies have indicated that stimulation 
of NF-kB activity by TNF-a protected cells against cell 
death, most likely by transcriptional activation of some 
proteins that restrict apoptosis (Beg and Baltimore. 1996; 
Liu et a/.. 1996; Van Antwerp et <i/., 1996; Wang et a/., 
1996). Our findings indicate that TAF n 105 serves as a 
coactivator for NF-KB-mediated induction of anti- 
apoptotic genes in response to TNF-a. Blocking of 
TAF||I05 function either by expression of TAFjjIOS dom- 
inant negative mutant or by reducing the amount of 
endogenous TAF||105 protein by anti-sense RNA, renders 
the cells sensitive to TNF-a cytotoxicity. Moreover. 
TAF n l05 interacts with selected members of the NF-kB 
family and can potentiate transcriptional activation by NF- 
kB proteins. Expression of TAF ( |105 mutant, which can 
interact with NF-kB but is incapable of incorporation 
into TFIID complex, severely inhibited NF-KB-dependent 
transcriptional activation whereas similar mutants with 
impaired p65/RelA binding capacity failed to sensitize 
cells to TNF-a cytotoxicity and to inhibit NF-kB activity. 
Taken together, these results suggest that the complex 
formed between NF-kB- and TFIID-containing TAF U I05 
after TNF-a stimulation targets promoters of genes whose 
products provide the cells with protection against cell 
death. 

Recent genetic analysis of yeast TAFs revealed that 
transcription from many promoters is not affected by 
TAF inactivation, suggesting that TAFs are not generally 
required for transcription in yeast (Moqtaderi et aL. 1996; 
Walker et al.. 1996). Our study indicates that in human 
cells TAF|jl05 functions as an activation-domain-specific 
mediator of transcription consistent with previous in vitro 
analyses of TAF function (Verrijzer and Tjian, 1996). It 
is possible that among the multiple activator targets found 
associated with the basal transcription machinery. TFIID 
has evolved to play a more central role in mediating 
activation signals in metazoans. being able to respond to 
the highly complex gene-expression programs not found 
in yeast. Moreover, considering the ability of the p65- 
activation domain to function in yeast cells (Moore et ai % 
1993) which are devoid of any member of the TAF n l05 
family (Tansey and Herr. 1997) and the fact that NF-kB 
is required for gene expression associated with many 
distinct cellular processes, it is very likely that TAF|jl05 
is not the only NF-kB transcriptional coactivator and 
several distinct factors might be involved in the activation 
of other NF-kB target genes. 

In most cells NF-kB transcription factors are localized 
in the cytoplasm bound by IkB. an inhibitory protein that 
prevents its nuclear translocation. Signals that activate 
NF-kB such as cytokines (TNF-a and IL-I) induce 
phosphorylation of IkB and its subsequent degradation. 
NF-kB is then translocated into the nucleus and activates 
its target genes (for review see Miyamoto and Verm a. 
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1995). In B lymphocytes NF-kB is constitutively nuclear 
and is important for transcription of some B-cell-specific 
genes (Baldwin. 1996). Interestingly, a high level of 
TAFu 105 protein is also found in B lymphocytes, constitut- 
ing -10% of TFIID in these cells compared with only 
-0.5-1% in non-B cells (Dikstein et ai. 1996). It is 
therefore possible that the NF-kB-TAF„105-TFIID com- 
plex may also regulate the expression of some B-cell- 
specific genes. Nevertheless it seems that the level of 
TAF[|105 in non-B cells is sufficient for the induction of 
anti-apoptotic genes by NF-kB as TNF-a does not induce 
TAF t |105 protein expression (data not shown) and potenti- 
ation of NF-KB-dependcnt transcription by TAFu 105 could 
be achieved only when suboptimal concentrations of either 
the NF-tcB activator protein or TNF-a were used. 

Several TNF-ot- induced genes have been implicated as 
potential candidates for anti-apoptotic function. Over- 
expression of each provides partial protection against 
TNF-a cytotoxicity (Wong et ai % 1989; Opipari et al.. 
1992; Karsan et ai. 1996; Chu et ai. 1997). However, it 
is likely that other genes, not yet identified, are also 
required for full protection. The promoters of these genes 
may be preferred targets for the sub-stoichiometric TFIID 
complex containing TAFu 105. A possible mechanism is 
that enhancer-bound NF-kB interacts with the TAF ( |105- 
TFIID complex and recruits this complex to the promoter 
(Sauer et ai. 1995b). Alternatively, the TFIID-TAF„105 
complex may pre-occupy the core promoter of these genes 
and form a complex with NF-kB after it is bound to its 
target sites (Brunvand et a/.. 1993). A third possibility 
might be that formation of the NF-kB-TAF„105-TFIID 
complex precedes preferred binding to the promoters of 
anti-apoptotic genes. The latter two mechanisms suggest 
selective recognition of promoters by the TAF n 105-con- 
taining TFIID complex. Once a target gene for the NF- 
kB-TAF u I05-TFIID complex is identified it will be 
possible to address the molecular basis of this process. 

Materials and methods 

In vitro binding experiments 

Baculovirus expression of flag-tageed TAFu 105 was done 35 described 
previously (Dikstein et at.. 1996). -'S-labeled p65 and p50 and E2A (a 
gift from Dr Michael Walker I were synthesized in vitro by T7 RNA 
polymerase and rabbit reticulocyte I y sate and incubated with flag 
beads or with TAF n l05 coupled to flag beads in 0.1 M KG HEMG 
buffer (20 mM HEPES pH 7.9. 100 mM KC1, 12.5 mM MgCN. 0.2 mM 
EDTA, 0.1% NP-40. 1 mM DTT. 0.2 mM PMSF) for 2 h at 4°C. The 
beads were washed 3 times with the same buffer and twice with 0.2 M 
NaCI HEMG buffer. The bound proteins were eluted by 5 min boiling 
in protein sample buffer followed by SDS-PAGE and autoradiography. 

Pfasmids 

Baculovirus expression vector for TAFu 105 was previously described 
(Dikstein et at.. 19961. Plasmids for eukaryolic and Exoti expression 
vectors were constructed according to standard procedures. Details on 
the construction of pCMV-TAF N l05. pCMV-TAF„105AC. pCMV- 
TAF„I30. GST-TAF„I05AC. GST-p65C and the various G4-p65 
fusions and p65 mutants can be obtained upon request. G4-E2A-ADI 
and G4-E2A-AD2 were gifts from Dr Michael Walker. The NF-kB- 
dependent reporter plasmid was constructed by inserting double-stranded 
synthetic oligonucleotides (see below) containing two tandem KB sites 
next to a minimal core promoter from the mouse a-actin promoter (-40 
to +80), that was cloned into the HindiU site of promoterless pLuc 
vector (Alischmied and Duschl. 1997). NF-kB oligonucleotides: 5'- 
AGCTTAGGG ACTTTCCG AGGGG ACTTTCCG-3 ' : 5'-GATCCGGA- 
A AGTCCCCTCGG A A AGTCCCTA-3 * . 




Propagation and transfection of ceil lines 

293 cells are embryonic kidney fibroblasts. 293T cells are modified 293 
cells constitutively expressing the SV40 large T-antigcn and therefore 
allow replication of plasmids of SV40 origin. 293 and 293T cell 
lines were maintained in F12 Dulbecco's modified Eagle's medium 
supplemented with I0*£ fetal calf serum. Transfections were performed 
using the standard CaPOj method. 

293 <uhcon fluent cells were transfected in a 24-well muliidish using 
a total of I Mg plasmid per transfection. Generally. 50 ng. of NF-kB- 
dependent reporter and 10 ng Gal4-dependeni reporter were used. The 
amount of the different activator plasmids was between 5 and 20 ng. 
and for TAFu 1 05- and TAF lJ t30-ex pressing plasmids it was between 
300 and 500 ng. tn each transfection the amount of CMV-containing 
plasmid was kept constant. Luciferase activity was determined as 
instructed by the manufacturer iPromega). Human recombinant TNF-a 
was purchased from R&D Systems. 

Apoptosis assays 

For the survival analysis 293T cells were cotransfected with a pCMV- 
facZ or pCMV-GFP reporter plasmid and different expression vectors, 
and cither stained with X-Gal (see below » or directly visualized by 
microscope for green fluorescent cell detection 48 h after transfection. 
The number of blue or GFP cells was determined by counting five 
different randomly chosen fields. For the X-Gal assay the cultures were 
rinsed with phosphate -buffered saline, fixed with 1*3- of glutadialdehydc 
for 15 min. and then stained with 4 ml of X-Gal solution [2 mg/ml X- 
Gal in DMF. 3.3 mM KjFetCN)* and 3.3 mM K 4 Fe(CNi 6 ) for 2 h. 
DNA fragmentation assay was done as follows: 293T cells I2xt0 h ) 
were collected 24 h after transfections. resuspended in 400 \i\ Ivsis 
buffer (200 mM Tris pH 8.5. 100 mM EDTA. I* SDS. and 100 u^/ml 
proteinase K) and incubated overnight at 37°C. DNA was obtained by 
phenol extraction following cthanol precipitation. The DNA pellet was 
resuspended in UK) \i\ TE containing 50 jig/ml RNase A and incubated 
for 30 min at 37'C. Twenty micrograms of DNA was run onto 1 .83- 
agarose gel in the presence of 0.5 ng/ml ethidium bromide. 
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